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EPIZOOTIOLOGY OF LATE SUMMER AND FALL INFECTIONS OF OYSTERS BY
HAPLOSPORIDIUM NELSON/, AND COMPARISON TO ANNUAL
LIFE CYCLE OF HAPLOSPORIDIUM COSTALIS,
A TYPICAL HAPLOSPORIDAN*
JAY D. ANDREWS
Virginia Institute of Marine Science and
School of Marine Science
College of William and Mary
Gloucester Point, VA 23062
The two haplosporidan parasites that cause diseases of oysters along the middle North Atlantic coast of
North America differ in their habitats, in timing of oyster mortalities, and in their adaptations to the host. Haplosporidium
nelsoni (MSX) kills oysters throughout the year over a wide range of salinities (about 15 to 30 ppt). It has a long infective
period of nearly 6 months. This pathogen rarely completes sporulation in its life cycle in oysters. It is highly pathogenic
and exhibits irregular activity suggesting that it is poorly adapted to the host species. In contrast, Haplosporidium costalis
(SSO) has a short, well-defined mortality period of 4 to 6 weeks; it always sporulates in May-June and promptly kills the
host oyster. The infective period is short and initial infections occur during the mortality period. Clinical infections appear
after 8 to 10 months of incubation as hidden infections. This pathogen appears to be a native species and exhibits a regular
life cycle in the oyster host.
Failure to achieve artificial infections with either pathogen has led most investigators to assume that some unknown
host is the primary source of infective particles. Spasmodic attempts to achieve artificial infections are not convincing that
direct transmission from oyster to osyter does not occur, given the scarcity of spores of H. nelsoni for experiments and the
unavailability of H. costa/is spores to most laboratories.
In Virginia, H. nelsoni infections can be divided into early-summer and late-summer acquisitions that result in quite
different mortality patterns of oysters. The late-summer infections of H. nelsoni exhibit patterns of incubation and mortality
similar to those of H. costa/is. Data are presented for many years of monitoring of late-summer MSX infections and subsequent June-July deaths the following year. The purpose of this report is to call attention to the value of life-cycle studies
of H. costalis as a typical haplosporidan. The scarcity and dormancy of spores and the often long periods of obscure infections in H. nelsoni tend to make infection experiments difficult.

ABSTRACT

May to 1 November. "Early-summer" infections, those
which occur prior to 1 August each year, result in immediate
late-summer and fall deaths beginning typically 1 August.
"Late-summer" and fall infections remain subclinical for
months, and usually are not expressed as mortalities until
June-July of the following year. Late-summer infection has
not received much attention because its expression as
mortalities 7 to 9 months later is obscured by early-summer
infections that result in patent infections a month after
exposure and deaths beginning 5 to 6 weeks after exposure.
The seasons at which oysters are transplanted from low
salinity natural seed areas to high salinity private growing
grounds also determine the time of first exposure to H.
nelsoni (MSX) along the mid-Atlantic coast. In Chesapeake
Bay, seed oysters are usually transplanted from 1 October
through the winter and spring. Except for the month of
October, this is too late for late-summer infection to occur;
therefore, most newly transplanted oysters are exposed
first to early-summer infection. In Delaware Bay, seed
oysters are transplanted to high salinity growing grounds in
May and June, hence are exposed immediately to infections.
In Virginia, no infections have resulted from monthly
importations of disease-free oysters from 1 November to
1 May. The earliest patent infections from May-June

INTRODUCTION

The sporozoan disease of oysters caused by Haplosporidium nelsoni (Haskin et al. 1966) appeared in Chesapeake
Bay in the summer of 1959 with severe mortalities in
Mobjack Bay and Chesapeake Bay oyster beds. The disease
first appeared with oyster mortalities in Delaware Bay in
the spring of 19 57 -just two years earlier (Haskin et al.
1966). It spread rapidly throughout the lower Chesapeake
Bay in 1960, wherever summer salinities exceeded 15 ppt
(Andrews and Wood 1967). The "Delaware Bay" disease
is now endemic in Virginia waters and oysters are no longer
planted commercially in high-salinity waters of Chesapeake
Bay. The pathogen, also called MSX, has killed oysters in
experimental lots regularly every year from 1959 to 1981
(Andrews and Frierman 1974, Andrews 1979a).
Delaware Bay disease has peculiar epizootiologkal
patterns of infection and mortality (Andrews and Frierman
1974). The infective period lasts for Slh months from mid*Sprague (1978) proposed returning these two species to the genus
Haplosporidium on the basis of external wrappings of the spores.
This gives more generic importance to tails and wrappings than size
of spores and site of sporulation. These are fundamental morphological and physiological traits. I question the validity of this
generic change.
Contribution 1085, Virginia Institute of Marine Science, Gloucester
Point, VA 23062.
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exposure occur about 1 July regardless of when experimental
oysters are imported between 1 November and 1 June.
The purpose of this report is to point out the parallels
in timing and in sequence of events in the life cycles of two
haplosporidans, H. nelsoni (MSX) and H. costa/is (SSO). In
the comparison,H. costa/is is considered a far better adapted
parasite of oysters. It exhibits a regular annual cycle with
mortality and infection periods occurring simultaneously in
late spring (May-June). Sporulation occurs completely (all
plasmodia become sporonts) and regularly every year. A
long incubation period (infections subclinical) permits
oysters to reproduce regularly before mortalities occur. In
contrast, H. nelsoni is highly pathogenic and shows very
long infection and mortality periods. It rarely sporulates
and does not kill oysters promptly when it does, because
only the epithelia of digestive tubules are involved as
a site. These irregularities of timing and life-cycle stages
make understanding of the epizootiology of H. nelsoni
confusing. Artificial infections have not been achieved
with either parasite. Both parasites occur sympatrically on
the seaside of Delmarva peninsula (Couch and Rosenfield
1968).
The epizootiology of late-summer MSX infection appears
to have more similarities to that of H. costa/is than to
early-summer infection of H. nelsoni. Therefore, data
on epizootiological events over a long series of years are
presented for comparisons. Late-summer infection of H.
nelsoni has not occurred in all years; therefore, a comparison of disease success and the environmental factors
reg1.1lating it may offer clues to life-cycle requirements of
the pathogen.

peak prevalences of infections. Monthly and annual mortalities were calculated using Ricker's (1958) table of
instantaneous rates when oysters were removed or lost.
Fortunately for monitoring purp_oses, H. nelsoni does
not vary widely in activity with local geography providing
its salinity requirements are met (Andrews and Frierman
1974). Another pathogen,Perkinsus marinus, requires close
proximity of oysters to produce new infections, and dense
host populations are needed for it to multiply and spread
rapidly(Andrews 1979a). Therefore, to monitor H. nelsoni,
which exhibits no proximity effect, it is possible to isolate
trays and beds of oysters from P. marinus. Also, large areas
with similar or adequate salinities can be monitored for
H. nelsoni with a few trays of oysters. Density of oysters
in trays is not a problem with H. nelsoni. Trays of oysters
as widely spaced as Gloucester Point in the York River,
New Point Comfort in Mobjack Bay, and Hampton Bar in
the James River exhibited similar timing and levels of
infections and mortalities each year (Andrews and Wood
1967).
The greatest variations in H. nelsoni activity were caused
by the degree of susceptibility of various oyster strains to
MSX and the amount of previous selection by the disease.
It is important to describe the source and history of oyster
stocks used for monitoring (Haskin and Ford 1979, 1982).
From 1960 to 1980, experimental oysters were obtained
from the lowest salinity upriver seed beds in the· James
River (Horsehead Rock and Deep Water Shoals). Oysters
from these two areas are the most susceptible to MSX
infection of any in the James River. When oysters from
downriver beds were used, as a result of scarcity upriver,
observed prevalences and mortalities were lower. Because
METHODS
spatfalls throughout the seed area came from the same
Sporozoan diseases of oysters were monitored in Virginia larval swarms with the same set of genomes(Andrews 1979a,
for 23 years by importing disease-free lots from low salinity 1982), exposure to MSX and selection by mortality must
natural beds in the James River seed area. Cohorts of 300 have reduced the susceptibility of the lower river stocks.
to 500 oysters were imported each spring to 10 stations in Oysters from upriver beds of the Potomac River were far
three rivers of lower Chesapeake Bay. These stations were more susceptible than any stocks from the James River
chosen to represent a wide range of salinity regimes both (Andrews 1968). No significant change in susceptibility to
within and upriver from the endemic areas for H. nelsoni. MSX in upriver stocks can be detected over the 23 years
Only the major monitoring station at Gloucester Point despite some genetic selection of broodstocks in the lower
one-half mile above the bridge on the York River was. river. Native oysters in the areas endemic for MSX were
routinely stocked with disease-free oysters in late summer slower to develop infections and exhibited lower mortalities
to follow that infection period and its subsequent mortality than control lots from upriver beds.
expressed the following June-July. Data from the Gloucester
The MSX activity. for a given year was rated as light,
Point station are the basis for this report.
moderate or average,· and heavy based upon observed levels
Tray monitoring permitted choices of oyster stocks as of infection (prevalences) and mortalities. For late summer
to age, history, and timing of exposure which are not readily infection, peak prevalences occurred the following May or
feasible or available in commercial plantings. Routine early June just before mortalities began. The average May
counts every 2 to 4 weeks provided accurate data on prevalence, excluding years in which no infection occurred,
mortalities caused by diseases, without interference by was about 50%. Mortalities from late summer infections
predators and smothering. Tray monitoring procedures averaged 40% and were confined mostly to June and July.
are those described by Andrews (1966) and Andrews and First appearance of infections and occurrence of mortalities
Frierman (1974). Samples of 25 live oysters were taken at were early in heavy ~nd late in light MSX years (Andrews
appropriate times to document earliest appearance and and Frierman 1974). '
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RESULTS
~atterns of H. nelsoni Activity in Oysters First Exposed in Late
3ummer and Fall

Prevalences of MSX and ensuing mortalities in Horsehead
Rock (James River) oysters imported to the Gloucester
Point station (York River mile 06) in late-summer and fall
of 1979 are shown in Figure 1. Infections appeared moderately early in tray Y106 but were about average in Y107.
Samples were not taken early or late enough to determine
earliest appearance of MSX or peak levels of infections.
Mortalities were confined mostly to June and July and
totaled 43% for the first pair of peaks in Figure 1. A rapid
decline in the death rates in late July shows the near end of
mortality from late-summer infection. The delay in timing
of prevalences and mortalities in tray Y 107, which was
imported 7 weeks later than Y106, does not always occur
from late-summer exposures (Andrews 1966).
Mortalities from early-summer 1980 exposure to MSX
began 1 August, at the typical time. The total losses in this
second pair of peaks varied more than usual, but showed
typical timing in the decline of death rates in the fall.
Death rates are plotted at the end of periods of observation,
so that the points in November, for example, represent
what happened during the first 20 days of November. Total
mortalities from late-summer 1979 and early-summer 1980
infections were 63% and 70%, respectively. After over
20 years of monitoring MSX, intensive sampling of live
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Peak prevalences in May-June and resultant mortalities
in June-July were observed for 14 years after late-summer
exposures (Table 1). A high proportion of those deaths was
associated with MSX infections as shown by diagnoses of
the disease in gapers (Table 2). High prevalences were
associated with high mortalities and years of low MSX
infections exhibited low mortalities. Most deaths were
confined to June and July; therefore, that period of
mortality was used for comparison with May-June prevalences from late-summer infection. Variations from year to
year in timing of infections and deaths do not permit
refined statistical analysis of MSX infections versus mortalities, although the relationship is obvious in a broad sense
(Table 1 footnotes). These variables are discussed later. No
other disease or cause of death has been identified in
oysters imported in late summer.
Prevalences vary far more widely than mortalities
(Table 1). This is largely a consequence of the times of
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Compilation by Years of Peak MSX Prevalences and Mortality Rates
in Susceptible Oysters over Two Decades
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oysters was not necessary for interpretation of mortality
graphs. In the controlled situation of tray culture, where
size, source, and history of oysters are known, a few gapers
and limited live-oyster samples at known stages in the life
cycle will suffice to determine MSX as the cause of
mortalities (Andrews 1966, 1968, 1979a; Andrews and
Frierman 1974).
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Figure 1. This graph illustrates typical mortalities from late ·summer transplanting of susceptible oysters from the low salinity James River
seed area (Horsehead Rock oysters) to higher salinity areas where H. nelsoni is endemic. Exposure in late summer 1979 resulted in deaths
from MSX in June and July 1980. New infections in early summer 1980 (prior to 1 August) caused additional mortality in late summer
and fall. Prevalences of MSX in lots of 25 live oysters are shown above arrows designating sampling dates. Tray monitoring of oysters for
Delaware Bay disease was done at Gloucester Point, VA, 0.8 km (0.5 m) above the York River bridge (mile 06 in York River).
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TABLE 1.
Summary oflate-summer infection of Haplosporidium nelsoni (MSX) in York River, VA, at Gloucester Point, 1963-1979.
May-June prevalences of disease and June-July mortalities in susceptible oysters from James River.
Peak of MSX Infections

Earliest MSX Infections
Tray

Date of Importation

Date

Prevalences (%)

Date

Prevalences(%)

June-July
Mo.rtalities (%)

Y18

13 August 1963

8 Apri11964
18 February 1965

16
76

25 May 1964
3 June 1965

56
44

29

Y21

11 September 1964

18 February 1965

48

12 May 1965
3 June 1965

68
56

41

Y25

16 August 1965

15 December 1965

24

11 May 1966
29 June 1966

76
56

40

Y34

17 August 1966

14 December 1966
20 February 1967

64
60

6 Apri11967
29 May 1967

80
80

62a

Y35

17 August 1966

20 October 1966
14 December 1966
16 February 1967

28
80
64

6 Apri11967
29 June 1967

64
40

52 b

Y43

21 August 1967

1 December 1967
21 March 1968

4
4

13 May 1968

24

39

6 September 1967

1 December 1967
30 January 1968

8
0

13 May 1968
9 June 1969

20
64

35

6 September 1967

28 March 1968

0

13 May 1968

28

43

13 May 1968

4

29

1 May 1969
16 June 1969

0
0

5

16

22 May 1972

16

4

Y44 (PR)
Y45 (PR)
Y46

13 September 1967

1 December 1967
30 January 1968

Y54

29 August 1968

failure of infection

Y72

20 September 1971

22 May 1972

Y79 (WS)

29 August 1973

31 May 1974

Y82 (WS)

29 August 1974

21 February 1975
21 March 1975

Y86 (WS)

26 August 1975

0
0

4

31 May 1974

4

14

60
52

19 May 1975

64

44

--

--

--

Y90

1 September 1976

--

--

18 May 1977

72

22
40 c

Y91

24 September 1976

--

--

18 May 1977

64

54

--

Y95 (RR)

17 August 1977

--

--

--

--

16

Y96 (RR)

12 October 1977

--

--

30 May 1978

31

15

Y101 (RR)

28 August 1978

9 March 1979

8

25 Apri11979

20

6 August 1979

26 March 1980

20

24 A-pri11980

32

29
42d

12 May 1980

16

12 May 1980

16

39

Y106
Y107

26 September 1979

PR =Potomac River; WS =Wreck Shoal, James River; RR =Rainbow Rock, James River.
a+16% mortality before 1 June 1967 (29 of 33 gapers with MSX).
b+16% mortality before 1 June 1967 (14 of 17 gapers with MSX).
c+9% mortality before 1 June 1977 from MSX.
d+9% mortality before 12 May 1980.

------

--
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TABLE2.
Chronological prevalences of MSX in susceptible James River oysters imported to Gloucester Point
in late summer and held in trays (samples of 25 live oysters).
MSX Activity

MSX Activity
Tray

1

Y18

Y21

Y25

Y34

Date of
Importation Dates Sampled*
13 Aug 63

11 Sep 64

16 Aug 65

17 Aug 66

Y35

17 Aug 66

Y43

21 Aug 67

Y44

Y45(PR)

Y46

Y54

6 Sep 67

6 Sep 67

13 Sep 67

29 Aug 68

25 Oct 63
18 Feb 65
3 Jun 65
20 Oct 65
Gapers12
27 Jan 65
18 Feb 65
12 May 65
3 Jun 65
18 Oct 65
Gapers 19
15 Dec 65
11 May 66
29 Jun 66
23 Aug 66
23 Jan 67
Gapers 68
14 Dec 66
20 Feb 67
6 Apr 67
29 May 67
Gapers 33
20 Oct 66
14 Dec 66
16 Feb 67
6 Apr 67
29 Jun 67
Gapers 17
9 Oct 67
1 Dec 67
30 Jan 68
21 Mar 68
13 May 68
31 Oct 68
1 May 69
Gapers 0
1 Dec 67
30 Jan 68
28 Mar 68
13 May 68
7 Aug 68
1 May 69
9 Jun 69
Gapers 8
28 Mar 68
13 May 68
4 Nov 68
Gapers 35
1 Dec 67
30 Jan 68
28 Mar 68
13 May 68
7 Aug 68
27 Sep 68
Gapers 0
20 Dec 68
14 Mar 69
1 May 69
16 Jun 69

2

No. of
Infections

Intensity
(H,M,L,R)

1
19
11
3
8
6
12
17
14
7
13
6
19
13
15

0-0-1-0
5-2-11-1
3-1-6-1
1-0-2-0
1-1-6-0
0-2-2-2
0-0-12-0
2-0-15-0
7-0-6-1
1-1-3-2
2-5-5-1
0-2-3-1
0-3-14-2
4-2-6-1
1-1-12-1
5-1-4-1
21-2-23-2
8-3-5-0
6-2-4-3
12-1-5-2
12-3-5-0
22-1-6-0
3-2-1-1
3-15-1-1
10-0-5-1
4-3-9-0
5-1-3-1
8-0-5-1

11

48
16
15
20
20
29
7
20
16
16
10
14
0
1
2
1
6
6
4

-1-0-0-0
1-0-1-0
0-0-1-0
0-0-6-0
1-0-5-0
0-2-1-1

Tray 1

Y65(WS)

Y72

-(

0
0
0
0

'

2 Sep)/9

20 Sep 71

Y79(WS) 29 Aug 73

Y82(WS) 29 Aug 74

Y85

26 Aug 75

Y86(WS) 26 Aug 75

Y90

1 Sep 76
(17 oysters)

-2
0
0
5
9
6
16
8
0
7
8
30
0
0
0
1
7
8

Date of
Importation

0-2-0-0

---

0-0-5-0
2-1-5-1
3-1-1-1
9-1-4-2
2-3-3-0

Y91

24 Sep 76

Y95

17 Aug77

-0-0-5-2
2-3-3-0
11-5-10-4
--

--0-1-0-0
4-0-2-1
0-1-7-0

----

Y96

12 Oct 77

Y101(RR) 28 Aug 78

Y106

6 Aug 79

Y107

26 Sep 79

Dates Sampled*
22 Jul69
10 Mar 70
18 May 70
1 Jun 70
Gapers 0
6 Nov 70
5 Feb 71
14 May 71
14 Jun 71
14 Jul 71
10 Aug 70
12 Oct 71
7 Dec 71
Gapers 3
2 Feb 72
22 May 72
7 Aug 72
Gapers 0
26 Nov 73
31 May 74
2 Aug 74
Gapers 13
11 Sep 74
21 Feb 75
21 Mar 75
19 May 75
Gapers 5
6 Apr 76
13 May 76
13 Jan 76
10 Aug 76
Gapers 6
1 Sep 76
18 May 77
22 Jun 77
29 Jul 77
29 Oct 76
Gapers 25
18 May 77
Gapers 3
26 Sep 77
6 Oct 77
26 Mar 81
Gapers 40
30 May 78
Gapers 25
31 Aug 78
9 Mar 79
24 Apr 79
2 Aug 79
Gapers 25
26 Mar 80
24 Apr 80
Gapers 31
12 May 80
Gaoers 7

No. of
Infections
5
8
0
3
3
2
2
0
1
2
3
3
2
0
4
3
2
1
6
8
2
15
13
16
4
5
8
1
5
5
0
18
8
6
1
14
16
1
3
0
4
20
5
20
0
2
5
1
16
5
8
30
4
7

lntensity 2
(H,M,L,R)
1-1-2-1
1-0-6~1

0-0-3-0
0-0-2-1
1-1-0-0
0-1-1-0
0-0-1-0
0-0-2-0
0-2-1-0
1-0-2-0
0-1-0-1
3-0-1-0
0-0-2-1
2-0-0-0
0-0-1-0
2-0-3-1
2-5-1-0
1-0-1-0
7-0-8-0
7-1-3-2
14-1-1-0
2-2-0-0
1-0-2-2
7-0-1-0
1-0-0-0
1-0-3-1
2-2-1-0
5-6-7-0
1-6-1-0
2-2-1-1
0-1-0-0
1-7-3-3
5-6-5-0
0-1-0-0
0-1-2-0

-0-0-1-3
7-7-5-1
2-3-0-0
6-8-5-1
0-0-1-1
0-2-3-0
0-1-0-0
4-8-4-0
1-1-0-3
1-0-4-3
18-10-2-0
1-1-1-1
7-0-0-0

PR =Potomac River; WS Wreck Shoal, James River; RR Rainbow Rock, James River.
1
All lots from Horsehead Rock or Deep Water Shoals unless otherwise designated.
2
Intensities of infections: heavy (H), moderate (M), light (L), and rare (R), based on number of plasmodia per lOOX field of>s, 1-5, <1,
and hard to find or very localized, respectively.
*All gapers collected in calendar year after importation and exposure to show association with MSX.
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sampling, for development of the disease is rapid in late
spring. With MSX appearing as early as October in highprevalence years and as late as 1 June in low-kill years,
sampling was often inadequate to disclose a full picture of
development of the disease. Samples taken too early or
too late failed to reveal peak prevalences, and oyster deaths
beginning in June, decreased prevalences. After 1 July,
when new infections from early-summer exposure were
likely to appear, prevalences could not be definitely related
solely to late-summer exposure.

Recovery to normal salinities after the wet years of the
early 1970's permitted MSX to develop high levels of infection in 1974 and 1976. However, 1975 was a moderate year
for MSX. The unwitting use of infected lots of oysters from
Wreck Shoal· and Rainbow Rock in the mid-1970's makes
the data hard to interpret. Scarcity of seed oysters in the
upper James River was the immediate cause of this mistake
in monitoring procedure. The period 1977-1979 consisted
of mild infection years with prevalences in the 20 to 30%
range.

Seasonal Development and Intensity of Late-Summer Infection

Summary by Years of H. nelsoni Activity from Late Summer
Infection

The seasonal progression of clinical MSX infections in
late summer and fall importations of disease-free James
River oysters is shown in Table 2. In the early years (19601963) of light MSX activity in Virginia waters, the pathogen
remained nonclinical until May of the following year and
prevalences were about 50% in M~y. Data for 1961 and
1962 were given by Andrews (1966). In the next 3 years
(I 964-1966), systemic infections appeared in late fall or
early winter and prevalences as high as 80% were found in
live oysters. Duplicate trays Y34 and Y35, imported
17 August 1966, depict the worst situation in terms of
early, high prevalences and severe losses in June-July 1967.
Some infections were clinical on 20 October 1966 and
prevalences of 64 to 80% were reached on 14 December
1966. Although advanced infections (heavy and moderate)
prevailed throughout winter and early spring, only 16% of
the tray oysters died before 1 June 1967. Because 86%
(43 of 50 gapers) of the deaths can be attributed to MSX,
one can extrapolate to a very high incidence for the year by
adding 16% deaths in winter and spring to 80% infection in
May 1966. The years 1964 and 1965 exhibited similar high
prevalence levels by mid-winter and severe death rates in
the following mortality periods of June-July.
The time pattern of infections returned in 1967 to the
original one of late appearance of clinical cases, and infections failed to appear in the spring of 1968. In recent years,
note that advanced infections were scarce even in May, and
low death rates prevented collection of gapers. A failure to
import disease-free, susceptible oysters in the fall of 1969
and 1970, leaves these years to be rated from May-June
prevalence data in oysters imported the previous spring.
However, a tray of Wreck Shoal oysters (Y65), that had a
few infected oysters when imported in September 1970,
indicated that late summer infections failed that year.
The year 1971 appeared to be a very light one for MSX
infections (Y72). In 1972, MSX failed at Gloucester Point
because of excessive freshwater runoff from Tropical
Storm Agnes, which reduced salinities drastically. A near
failure of infection occurred in late summer 1973 although
use of Wreck Shoal oysters with a few infections compromised the data (Y79). Spring-imported oysters in 1973
also failed to show a significant late summer infection in
May 1974.

A rating by years of MSX activity in lower Chesapeake
Bay from late summer and fall infections is presented in
Table 3. The 19 years of records on late summer and fall
infection show 8 years with early appearance of infections
(fall or wintyr), 6 years with late occurrence of clinical
cases (April or May), and 5 years in which no infection
occurred. This contrasts with early summer infection when
MSX never failed to be active in lower Chesapeake Bay,
and failed only once (I 972) at Gloucester Point where
presently reported records were obtained. Typically low
and high prevalences resulted in corresponding low and high
mortalities (Table 3). Prevalences were usually higher than
mortalities which may be explained by late regression of
infections and by early or late deaths outside the usual
June-July mortality period.
The rating of MSX activity by years is based on a subjective combination of prevalences in May, when peak levels
of infections usually occurred, and mortalities during June
and July. A~ average year is defined as exhibiting 50%
prevalence in May, and 40% mortality in June-July. Years
of no infections were excluded in deriving these averages.
The reason for no infections in some years is not known.
Generally, the years of above-average MSX activity were
dry ones, but there is not a strong relationship between
salinity and MSX intensity in lower Chesapeake Bay where
the disease is endemic and well established.
Comparison of Chronological Events in Early Summer and Late
Summer Infection of H. nelsoni

To summarize and contrast the timing of events following
early versus late summer infection, a chronological list for
each is given in Table 4. The additive effects of overlapping
infections and mortality periods cannot be determined
completely from experiments in open waters with natural
infections. This list of events is based upon importation of
disease-free oysters at the proper times to limit infections
to one period or the other. After one high-mortality period,
the surviving population is more resistant to the pathogen.
Some persistent infections result in mixing the effects from
the two exposure periods.
Fortunately, the late-summer disease sequence is quite
discrete in timing of events in some years, permitting good
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TABLE 3.
Epidemiological rating of late-summer infections and mortalities of Haplosporidium nelsoni (MSX) by years and by timing.
Infections occurred in the year of importation and mortalities the following year in June-July.

Year of
Importation

Rating of
MSX Activity*

Prevalence
Level in May

Mortality, Jun-Jul

(%)

(%)

Timing of first
Appearance of Infections**

1961

below average
(low mortality)

50

26

late

1962

below average
(low prevalence)

30

16

late

1963

average
(low mortality)

40-50

29

early

1964

above average

50-60

41

early

1965

above average

60-70

40

early
very early

1966

very heavy

60-80

62a
52 a

1967

below average

< 30

30-40

late

1968

none

<20

<10

very late

1969

trace

1970

none

1971

very light

1972

none (Agnes flood)

1973

trace

1974

above average

60

44

early

1975

below average

30-40

22

late

<w

1976b

above average

60

50

early

1977b

below average

20-30

15

late

1978b

below average

20-30

29

rather early

1979

below average

20-30

40

rather early

1980

?

*Based on prevalences (average= 50%) and mortalities (average 40%).
**"Late" is April or May of following year. "Early" is late fall or winter of same year.
~+16% mortality before 1 June 1967.
Early-summer infections nearly failed in 1977 and 1978 after June-July kills.

estimates of prevalences and mortalities. The extent to which
the two disease sequences support and depend upon each
other as sources of infective particles is uncertain. The
mortality period from early summer infection is the infection period for late summer infection. The June-July
mortality period from late summer infection is the infection
period for early summer exposure. These relationships
would have significance only if oysters are the sources of
infective stages rather than an alternate host.
DISCUSSION

Data on late summer and fall infections and subsequent
mortalities caused by the oyster pathogen Haplosporidium
nelsoni are presented separately from data for early summer
infection because of their possible importance in the normal
life cycle of the parasite. Disease-free oysters imported

after 1 August and before 1 November acquire infections
promptly, but these often do not become clinical by present
diagnostic methods (stained cross sections) until April or
May of the following year. Then a characteristic June-July
mortality occurs during which most infected oysters die,
with regression of infections occurring in a few cases.
Sparse data suggest that May-June may be the normal
time for MSX to sporulate, although failure of sporulation
to kill promptly results in the rare cases of spores being
found in live oysters at almost any time of the year
(Andrews 1979a).
These late-summer-infection patterns of (1) long incubation period, (2) sudden appearance of infections in
spring, and (3) distinctive two-month early-summer
mortality have similarities in epizootiology to the closely
related Haplosporidium costalis which causes Seaside
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TABLE4.
Chronology of events in life cycle of MSX in Virginia.
A. Early-Summer Infections (mid-May to 1 August)

B. Late-Summer Infections (1 August to 1 November)

1. 1 Nov to 1 Jun: Disease-free seed oysters transplanted from
James River seed area to private rented grounds in high-salinity
waters.
2. Mid-May to 1 Aug: Early-summer infection period for MSX.
(No failures in 23 years.)
3. 1 to 15 Jul: Earliest infections become clinical.
4. 1 Aug: Typical time for first MSX-caused deaths.
5. 1 Sep: Typical peak of mortality from MSX.
6. 1 Nov: Low temperatures stop deaths of remaining infected
oysters.
7. Nov through Jan: Very low death rates(< 5%/month).
8. Feb-Mar: Late-winter kill of oysters with advanced infections
of MSX. (Some deaths from other causes.)
9. Apr-May: Low-mortality period (<5%/month).
10. Jun-Jul: Last of oysters infected previous June die (some
regression of infections may occur in spring).

1. 1 Aug to 1 Nov: Importation of disease-free oysters from
James River; public oystering season begins 1 October.
2. Aug-Oct: Immediate infections of imported oysters, but
infections remain subclinical or localized for months. (Infections fail some years.)
3. Late fall and early winter: Clinical infections appear in some
_years of intensive infection pressure.
4. Jan-May: Very few deaths occur even with advanced infections in severe MSX years. Infections gradually become patent
and increase in intensity.
5. May: Peak prevalences occur for late-summer infections.
6. Jun-Jul: Most deaths occur and sporulation occurs rarely.
7. July: Old late-summer infections become mixed with new
early-summer infections; often distinguished by intensities.
8. Aug-Sep: The early-summer cohort of infections has become
dominant causing late-summer mortalities.

Disease of oysters. Haplosporidium costalis has a short
infection period from about 15 May to 15 July, a long incubation of up to 9 months before clinical infection can be
observed, and a short mortality period of about 6 weeks
(usually mid-May to 1 July). It sporulates regularly and completely (all plasmodia become sporonts) and kills oysters
promptly (Andrews and Castagna 1978, Andrews 1979a).
Some investigators of oyster diseases conclude that
MSX must have an alternate or other host (Farley 1967,
Ford and Haskin 1982). This concept of the life cycle of
MSX is based on failures to achieve artificial infection in
laboratories with both MSX and other haplosporidan
pathogens of other hosts; e.g., with chi tons (Pix ell-Goodrich
1915). Only Barrow (1965), working with freshwater
snails, has claimed direct transmission of these pathogens.
The assumption that spores are the normal method of
transmission coupled with the extreme scarcity of MSX
spores in oysters in Chesapeake and Delaware bays has also
encouraged the view that another host is involved. No
alternate host has been found despite intensive examinations
of some potential hosts such as mobile blue crabs and fishes
which are widespread and would appear to be likely transmitters of the disease (Sprague 1970, 1971, 1978). Almost
identical spores (shape and size) have been found in shipworms (Hillman 1979) and Asiatic oysters (Kern 1976).
The arguments for and against alternate or other hosts
have been discussed (Andrews 1979b), but positive evidence
has not been found.
Haplosporidium costalis exhibits regular patterns of
activity through the year and completes its life cycle by
sporulation every year in May-June (Andrews and Castagna
1978). It does not appear to impede oyster activity for
about 8 months of the year, yet it develops intensive infections and kills oysters rather rapidly in the spring. It seems
to be an adapted parasite that limits its damage to the

host population. It could be a useful model for what may
be expected in the life cycle of MSX, if that pathogen were
parasitizing a host population that had developed enough
resistance to moderate the pathogenicity. In contrast, MSX
infects oysters over a long period exceeding 5 months, and
it kills up to 75% of a population of previously unselected
oysters in 2 years of exposure. It would be helpful in
understanding the pathogenicity of MSX to find the geographical area (probably in Asia; re: Kern 1976) where it
evolved and also the endemic host species (presumably
Crassostrea gigas) in that area. Epidemics of human diseases
and introduction of new diseases of oysters in France
(Andrews 1981) have shown that an exotic pathogen thrust
suddenly on a previously unexposed race of the host species
can becQme catastrophic in its effects.
Several-hundred-thousand oysters have seen sectioned
over a 25-year period to monitor MSX along the midAtlantic coast. Therefore, it appears unlikely that the
missing links of the life cycle will be found by looking
further at routinely stained sections. The infective stages
are not known and their possible sources and abundance
are disputed. The factors that trigger pathogenicity and
sporulation are also undefined, and even the timing of
infections is unexplained. The change in infection and
mortality patterns after 1 August each year may reflect
reduced abundance of infective particles, for there is no
significant change in environmental factors such as salinity
and temperature at this mid-summer time. If spores releasing
sporoplasms are required for infections, there must be
another host providing them, for oysters along the Atlantic
coast do not produce ~nough spores to sustain the infections
observed. However, in an aquatic environment it is quite
possible that plasmodia can survive and infect oysters when
strained by gill tissues from currents produced while the
oyster is feeding.
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Complete elucidation of the life cycle of MSX, and
explanation of the variable incubation periods before
clinical infections are observed, require successful artificial
infection under controlled laboratory conditions. This is
the chief stumbling block in understanding MSX epizootiology and predicting consequences of environmental
changes such as the record high salinities of 1980-1981 in
Chesapeake Bay. Resistant oysters are available to compare
the effects of various abundances of infective particles if
induced infections were possible (Haskin and Ford 1981 ).
Haplosporidium costa/is (SSO) offers the best choice of
a haplosporidan pathogen to achieve artificial infection in
oysters. All stages of the life cycle are known, presumably,
and are readily available at known times. It infects oysters
during the mortality season when spores are available. It
is confined to high-salinity (> 25 ppt) waters and can be
readily controlled by movement of oysters to low-salinity
waters. The long incubation period constitutes a problem
for artificial infection. In natural waters, reduction of SSO
cases and interference by MSX were often severe in recent
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years. Hunting for an alternate host is a difficult approach
to the life cycle of MSX or SSO because the infective
particles are water borne and infections do not require
close proximity of the donor species. The wide distribution
of MSX and complete coverage of all localities within the
endemic area suggests high abundance and wide distribution
of the host species that provides infective particles. Oysters
certainly fit these requirements.
Drastic changes in the populations of oysters in lm:yer
Chesapeake Bay, after the sudden catastrophic appearance
of MSX, did not change the levels of MSX activity in subsequent years. Over large areas of lower Chesapeake Bay, susceptible oysters exhibited close similarities in timing of epizootiological events, including infection levels and mortalities for
both short-term and annual periods. Some variations in
intensities of MSX activity occurred from year to year, but
the astonishing facts were its persistence and its regularity
regardless of oyster abundance. It is possible that a closer
look at the epizootiology of late-summer MSX infection
may provide clues to the life cycles of other haplosporidans.
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